S3
referenced to the residual proton peak of CDCl 3 . Spectral coupling patterns are reported as follows; b: broad s: singlet; d: doublet; t: triplet, and m: multiplet.
Electrospray-ionization time-of-flight high resolution mass spectrometry (ESI-TOF) was performed on an Agilent 6210 ESI-TOF (Agilent Technologies, Santa Clara, CA, U.S.A.).
Synthesis of N-(4-pentenoyl)-(S)-2-aminobutyric acid cyanomethyl ester (3a)
A solution of 6 mL H 2 O and 6 mL dioxane containing 226.4 mg Abu (2.2 mmol) and 357.2 mg NaHCO 3 (4.3 mmol) was treated with 465.1 mg N-4-pentenoyloxy succinimide (2.4 mmol) and stirred at room temperature for 17 h. The reaction mixture was diluted with 50 mL aqueous NaHSO 4 solution (1 M) and extracted three times with ethyl acetate (50 mL). The combined organic phase was dried with MgSO 4 and concentrated under reduced pressure. Compound 2a was obtained as brown oil.
The crude product was dissolved in 4 mL MeCN and treated with 1.5 mL triethylamine (10 mmol) and 0.72 mL iodoacetonitrile (10 mmol). After stirring at room temperature for 20 hours, the mixture was dissolved in 50 mL ethyl acetate and washed twice with 1 M aqueous NaHSO 4 solution. The organic layer was dried with MgSO 4 and concentrated under reduced pressure. The crude product was purified on a silica gel column (12 x 3 cm) with 4:1 ethyl acetate:hexanes. 
Synthesis of N-pentenoyl (RS)-2-amino-2-methyl-3,3,3-trifluoropropanoic acid cyanomethyl ester (3d)
A mixture of 361.8 mg TfmAla (2.3 mmol) and 10 mL DMF was treated with 0.5 mL 4-pentenoyl chloride (4.6 mmol) and 847.9 mg DMAP. After stirring at room temperature for 5 days, the mixture was diluted in 50 mL aqueous NaHSO 4 (1M) and extracted three times with ethyl acetate. The combined organic layer was dried with MgSO 4 and concentrated under reduced pressure to give 240.1 mg compound 2d as a brown oil. The crude product was used in the next synthesis step without any further purification. 149 mg crude compound 2d (ca. 0.6 mmol) was dissolved in 3 mL
MeCN and treated with 0.25 mL triethylamine (1.8 mmol) and 0.2 mL iodoacetonitrile (2.7 mmol). The mixture was stirred at room temperature overnight.
TLC showed incomplete disappearance of starting material, and a further quantity of iodoacetonitrile (0.2 mL) was added. After stirring for a total of 40 h, the reaction mixture was diluted in 25 mL ethyl acetate and washed twice with 25 mL aqueous 
Ion exchange chromatography of pdCpA
The TBA salt of pdCpA was prepared using Dowex 50Wx8, 20-50 mesh in its TBA form. The ion exchange beads ( ca. 5 g) were washed with water, then stirred in 25 mL of 20% aqueous tetra-n-butylammonium for two hours. The beads were packed into a column and washed with water until the pH of the wash was neutral. An aqueous pdCpA-ammonium solution was passed over the column with water as the eluant. Fractions containing the TBA-pdCpA salt were determined by TLC and UV light of 254 nm wavelength. Additional tetra-n-butylammonium hydroxide was added to the solution. Lyophilzation yielded the tetra-n-butylammonium salt of pdCpA as a fluffy white powder. The product was dissolved in anhydrous DMF and stored in a sealed vial under argon at -20 °C (compound can be so stored for several weeks).
Synthesis of 2´(3´)-O-[N-(4-pentenoyl)-(S)-2-amino butyl]-pdCpA and bis-2´,3´-O-[N-(4-pentenoyl)-(S)-2-amino butyl]-pdCpA
To a flame-dried vial fitted with a magnetic stir bar and under an argon atmosphere 
Synthesis of 2´(3´)-O-[ N-(4-pentenoyl)-(S)-2-amino-4,4-difluorobutyl]-pdCpA (4b)
To a flame-dried conical vial containing 12.6 mg compound 3b (48.5 µmol) was 
Synthesis of 2´(3´)-O-[ N-(4-pentenoyl)-(S)-2-amino-4,4,4-trifluorobutyl]-pdCpA (4c)
To a flame-dried conical vial containing 16.7 mg 3c (60. 
General Procedure: Acid urea polyacrylamide gel electrophoresis
The ligation efficiency was analyzed by an acid urea PAGE (20 x 20 cm) [6] . A tRNA solution was mixed with equal volumes of 2x RNA loading buffer give recipe, denatured by heating at 70 °C for ten minutes and chilling on ice. Samples were loaded onto a 1-mm-thick 7% gel (acrylamide:bisacrylamide 19:1) containing 8M urea in 0.1 M sodium acetate buffer (pH 5.2). Electrophoresis was performed at 200 V
